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1
METHOD FOR FABRICATING
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority of Korean Patent
Application No. 10-2014-0078936, filed on Jun. 25, 2014,
which is herein incorporated by reference in its entirety.

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
a semiconductor device fabrication technology, and more
particularly, to a method for fabricating a semiconductor
device including a transistor.

2. Description of the Related Art

In transistor formation, a thickness of a gate dielectric layer
is being reduced to keep pace with the trend of higher inte-
gration. The reduced thickness may cause a failure on the
interface between a substrate and the gate dielectric layer. The
failure on the interface makes a surface of the substrate rough,
which leads to voids on the interface. The voids may result in
deterioration of the reliability and properties of the transistor.

SUMMARY

Exemplary embodiments are directed to a method for fab-
ricating a semiconductor device that may eliminate failures
from the interface between the substrate and the gate dielec-
tric layer.

In accordance with an embodiment, a method for fabricat-
ing a semiconductor device includes: preparing a substrate;
performing a pre-treatment including a first hydrogen anneal-
ing on a surface of the substrate; forming a gate dielectric
layer over the substrate; performing a post-treatment includ-
ing a second hydrogen annealing on the substrate including
the gate dielectric layer; and forming a gate electrode over the
gate dielectric layer.

In accordance with another embodiment, a method for
fabricating a semiconductor device includes: preparing a sub-
strate; performing a pre-treatment including a first hydrogen
annealing on a surface of the substrate; forming a first gate
dielectric layer over the substrate; performing an intermedi-
ate process including a second hydrogen annealing on the
substrate including the first gate dielectric layer; forming a
second gate dielectric layer over the first gate dielectric layer;
performing a post-treatment including a third hydrogen
annealing on the substrate including the first gate dielectric
layer; and forming a gate electrode over the second gate
dielectric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s aflowchart describing a method for forming a gate
dielectric layer in accordance with a first embodiment.

FIG. 2is aflowchart describing a method for forming a gate
dielectric layer in accordance with a second embodiment.

FIG. 3 is aflowchart describing a method for forming a gate
dielectric layer in accordance with a third embodiment.

FIG. 41s aflowchart describing a method for forming a gate
dielectric layer in accordance with a fourth embodiment.

FIGS. 5A to 5G are cross-sectional views exemplarily
illustrating a method for fabricating a semiconductor device
in accordance with the third embodiment.
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FIG. 6 is a cross-sectional view illustrating a planar gate
structure in accordance with the embodiments.

FIG. 7 is a cross-sectional view illustrating a fin gate struc-
ture in accordance with the embodiments.

DETAILED DESCRIPTION

Various examples and implementations are described
below in detail with reference to the accompanying drawings.

The drawings may not be necessarily to scale and, in some
instances, proportions of structures in the drawings may have
been exaggerated in order to clearly illustrate certain features
of'the described examples or implementations. In presenting
a specific example in a drawing or description having two or
more layers in a multi-layer structure, the relative positioning
of such layers or the sequence of arranging the layers may
reflect a particular implementation for the described or illus-
trated example and it should be understood that a different
relative positioning relationship or sequence of arranging the
layers may be possible. In addition, a described or illustrated
example of a multi-layer structure may not reflect all layers
present in that particular multilayer structure. That is, one or
more additional layers may be present between two illus-
trated layers. As a specific example, when a first layer in a
described or illustrated multi-layer structure is referred to as
being “on” or “over” a second layer or “on” or “over” a
substrate, the first layer may be directly formed on the second
layer or the substrate but may also represent a structure where
one or more other intermediate layers may exist between the
first layer and the second layer or the substrate.

FIG. 11is aflowchart describing a method for forming a gate
dielectric layer in accordance with a first embodiment. FIG. 2
is a flowchart, describing a method for forming a gate dielec-
tric layer in accordance with a second embodiment. FIG. 3 is
a flowchart describing a method for forming a gate dielectric
layer in accordance with a third embodiment. FIG. 4 is a
flowchart describing a method for forming a gate dielectric
layer in accordance with a fourth embodiment.

Referring to FIG. 1, a method of forming a gate dielectric
layer in accordance with the first embodiment may include
preparing a substrate in step S1, performing a pre-treatment in
step S2, and forming a gate dielectric layer in step S3.

Referring to FIG. 2, a method of forming a gate dielectric
layer in accordance with the second embodiment may include
preparing a substrate in step S1, forming a gate dielectric
layer in step S3, and performing a post-treatment in step S5.

Referring to FIG. 3, a method of forming a gate dielectric
layer in accordance with the third embodiment may include
preparing a substrate in step S1, performing a pre-treatment in
step S2, forming a gate dielectric layer in step S3, and per-
forming a post-treatment in step S5.

Referring to FIG. 4, a method of forming a gate dielectric
layer in accordance with the fourth embodiment includes
preparing a substrate in step S1, performing a pre-treatment in
step S2, forming a first gate dielectric layer in step S3A,
performing an intermediate process in step S4, forming a
second gate dielectric layer in step S3B, and performing a
post-treatment in step S5. Since the step S4 of performing the
intermediate process has the same flow as the step S5 of
performing the post-treatment, which is to be subsequently
described, a detailed description on step S4 is omitted for the
sake of brevity.

Referring to FIGS. 1 to 4, the step S2 of performing the
pre-treatment is carried out before the step S3 of forming the
gate dielectric layer in the first embodiment. The step S5 of
performing the post-treatment is carried out after the step S3
of forming the gate dielectric layer in the second embodi-
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ment. The step S3 of forming the dielectric layer is carried out
between the step S2 of performing the pre-treatment and the
step S5 of performing the post-treatment in the third embodi-
ment. The step S3A of forming the first gate dielectric layer is
carried out between the step S2 of performing the pre-treat-
ment and the step S4 of performing the intermediate process.
The step S3B of forming the second gate dielectric layer is
carried out between the step S4 of performing the intermedi-
ate process and the step S5 of performing the post-treatment
in the fourth embodiment.

The step S2 of performing the pre-treatment, the step S4 of
performing the intermediate process and the step S5 of per-
forming the post-treatment may be carried out in-situ S200
with the step S3 of forming the gate dielectric layer. For
example, the substrate is loaded in a chamber where the gate
dielectric layer is to be formed. Subsequently, the step S2 of
performing the pre-treatment is carried out in-situ S200
before the step S3 of forming the gate dielectric layer. The
step S5 of performing the post-treatment is carried out in-situ
S200 after the step S3 of forming the gate dielectric layer. The
step S2 of performing the pre-treatment is carried out in-situ
S200 before the step S3 of forming the gate dielectric layer,
and the step S5 of performing the post-treatment is carried out
in-situ S200 after the step S3 of forming the gate dielectric
layer. The step S4 of performing the intermediate process is
carried out in-situ S200 while the gate dielectric layer is
formed.

The step S2 of performing the pre-treatment, the step S4 of
performing the intermediate process and the step S5 of per-
forming the post-treatment are carried out for eliminating a
failure occurring on the interface between the substrate and
the gate dielectric layer.

Hereatfter, the step S2 of performing the pre-treatment, the
step S4 of performing the intermediate process and the step
S5 of performing the post-treatment are described in detail.
Since the step S4 of performing the intermediate process has
the same flow as the step S5 of performing the post-treatment,
a detailed description on the step S4 is omitted herein.

The step S2 of performing the pre-treatment may include
performing an oxidation treatment in step S201 and perform-
ing a hydrogen annealing in step S202. The step S201 of
performing the oxidation treatment and the step S202 of
performing the hydrogen annealing may be carried out one
time or several times repeatedly. For example, the step S202
of performing the hydrogen annealing may be carried out
after the step S201 of performing the oxidation treatment.

The step S201 of performing the oxidation treatment is a
step for forming a sacrificial oxide layer on a surface of the
substrate. In other words, the sacrificial oxide layer is formed
on the surface of the substrate in order to reduce the surface
roughness by eliminating a failure on the surface of the sub-
strate. The step S201 of performing the oxidation treatment
may include a plasma oxidation treatment or a thermal oxi-
dation treatment. The step S201 of performing the oxidation
treatment may be carried out using one or more reaction gases
among oxidation gases such as O,, O, and H,O.

The step S202 of performing the hydrogen annealing is a
step for eliminating the sacrificial oxide layer. In other words,
the sacrificial oxide layer is eliminated through a reduction
reaction as the hydrogen annealing is performed on the sac-
rificial oxide layer formed in the upper portion of the sub-
strate. The step S202 of performing the hydrogen annealing
may be referred to as a post-annealing. The step S202 of
performing the hydrogen annealing may include a Rapid
Thermal Process (RTP) or a plasma treatment. The sacrificial
oxide layer may be eliminated using a reactant in the step
S202 of performing the hydrogen annealing. Herein, the reac-
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tant may include a reductant or a reduction gas. The reactant
may include a hydrogen-containing material suchas H, orD,.
When the step S202 of performing the hydrogen annealing is
carried out using the hydrogen-containing material, oxygen
contained in the sacrificial oxide layer is eliminated through
the reduction reaction, and then the sacrificial oxide layer
may be eliminated. Silicon (Si) atoms migrate to a stable
energy state. Thus, crystallization of silicon atoms occurs in
such a manner that the silicon atoms are stably combined with
each other leaving the surface of the substrate may be in a
good condition.

When the step S3 of forming the gate dielectric layer is
carried out after the step S201 of performing the oxidation
treatment and the step S202 of performing the hydrogen
annealing are carried out one time or several times repeatedly
as described above, a failure on the interface between the
substrate and the gate dielectric layer may be eliminated, and
consequently transistor properties may be improved. For
example, etch damage is eliminated hydrogen annealing from
the surface of the substrate, to which an etch process is per-
formed to form a trench, etc., during the step S201 of per-
forming the oxidation treatment and the step S202 of per-
forming the hydrogen annealing.

The step S5 of performing the post-treatment may include
performing a hydrogen annealing process in step S501 and
performing an oxidation treatment in step S502 which may be
carried out one time or several times repeatedly. For example,
the step S502 of performing the oxidation treatment may be
carried out after the step S501 of performing the hydrogen
annealing.

The step S501 of performing the hydrogen annealing is for
decreasing dangling bonds. In other words, silicon dangling
bonds existing on the interface between the substrate and the
gate dielectric layer are decreased as the hydrogen annealing
is performed on the substrate and the gate dielectric layer
formed in the upper portion of the substrate. The step S501 of
performing the hydrogen annealing may be referred to as a
pre-annealing. The step S501 of performing the hydrogen
annealing may include a Rapid Thermal Process (RTP) or a
plasma treatment. The dangling bonds may decrease using a
reactant in the step S501 of performing the hydrogen anneal-
ing. The reactant may include a hydrogen-containing material
such as H, or D,. When the step S501 of performing the
hydrogen annealing is carried out using the hydrogen-con-
taining material, the silicon dangling bond existing on the
interface between the substrate and the gate dielectric layer is
passivated with hydrogen. Thus, the silicon dangling bonds
existing on the interface between the substrate and the gate
dielectric layer are decreased.

However, when the step S501 of performing the hydrogen
annealing is excessively carried out, oxygen may flow out of
the gate dielectric layer. For this reason, an oxygen vacancy
failure may occur in a space inside the gate dielectric layer
where the oxygen flows out. To solve this problem, the oxi-
dation treatment is performed.

The step S502 of performing the oxidation treatment is a
step for eliminating an oxygen vacancy failure. In other
words, the oxygen vacancy failure occurring inside the gate
dielectric layer is eliminated as the oxidation treatment is
performed on the gate dielectric layer. The step S502 of
performing the oxidation treatment may include a plasma
oxidation treatment or a thermal oxidation treatment. The
step S502 of performing the oxidation treatment may be
carried out using one or more reaction gases among oxidation
gases such as O,, O; and H,0. When the step S502 of per-
forming the oxidation treatment is carried out using the oxi-
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dation gases, the oxygen vacancy failure may be eliminated as
the oxidation gases are injected to fill the vacancy of the gate
dielectric layer.

When the step S501 of performing the hydrogen annealing
and the step S502 of performing the oxidation treatment are
carried out one time or several times repeatedly after the step
S3 of forming the gate dielectric layer as described above, the
failure on the interface between the substrate and the gate
dielectric layer which is caused by the etch process may be
eliminated, and then the properties of a transistor may be
improved. The properties of the transistor may be improved
since the interface condition between the substrate and the
gate dielectric layer may improve. For example, etch damage
is eliminated as the step S501 of performing the hydrogen
annealing and the step S502 of performing the oxidation
treatment are carried out on the surface of the substrate where
anetch process is performed to form a trench, etc. and the gate
dielectric layer formed over the substrate. The gate dielectric
layer may include silicon oxide, silicon nitride, silicon oxyni-
tride, high-k material, or a combination thereof. The high-k
material may have a dielectric constant (high-k) which is
higher than that of silicon oxide and silicon nitride. The
high-k material may include SiO,, HfO,, HfSiO, HfSiON, or
a combination thereof.

A method for fabricating a transistor is described hereafter.
FIGS. 5A to 5G are cross-sectional views exemplarily illus-
trating a method for fabricating a semiconductor device in
accordance with the third embodiment.

Referring to FIG. 5A, atrench 53A is formed in a substrate
51. The substrate 51 may include a silicon substrate or Silicon
On Insulator (SOI) substrate. A mask pattern 52 is formed
over the substrate 51, and the trench 53A may be formed
through an etch process using the mask pattern 52 as an etch
mask. The roughness of a trench surface 536 formed through
the etch process is severe. When the gate dielectric layer is
formed in a subsequent process in the trench 53A while the
roughness of the trench surface 536 remains severe, a failure
occurs on an interface between the trench 53A and the gate
dielectric layer, and thus the properties of the transistor dete-
riorate. Hereafter, a method for eliminating the failure occur-
ring on the interface between the trench 53A and the gate
dielectric layer is described in detail.

Referring to FIGS. 5B and 5C, a pre-treatment is per-
formed. The pre-treatment may eliminate the defect occur-
ring on the interface between the trench 53A and the gate
dielectric layer which is formed through a subsequent process
by sequentially performing a first oxidation treatment 54 and
a first hydrogen annealing 56.

Asillustrated in FIG. 5B, the first oxidation treatment 54 is
performed onthe surface of the trench 53 A. The surface of the
trench 53 A is oxidized, and then a sacrificial oxide layer 55 is
formed through the first oxidation treatment 54. The sacrifi-
cial oxide layer 55 may be formed to level the trench surface
53B during the subsequent first hydrogen annealing. The
sacrificial oxide layer 55 may include a plasma oxidation
treatment or a thermal oxidation treatment. The first oxidation
treatment 54 may be performed using one or more reaction
gases among oxidation gases such as O,, O; and H,O.

As illustrated in FIG. 5C, the first hydrogen annealing 56 is
performed. The sacrificial oxide layer 55 is eliminated
through the first hydrogen annealing 56. In other words, the
sacrificial oxide layer 55 is eliminated through a reduction
reaction as the first hydrogen annealing 56 is performed on
the sacrificial oxide layer 55. The first hydrogen annealing 56
may be performed in-situ with the first oxidation treatment.
That is, the first oxidation treatment 54 and the first hydrogen
annealing 56 can be performed in the same chamber. The two
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processes 54 and 56 can be performed in a continuous manner
in the same chamber without a substantial break between the
two processes. The first hydrogen annealing 56 may be
referred to as a post-annealing. The first hydrogen annealing
56 may include a Rapid Thermal Process (RTP) or a plasma
treatment. The first hydrogen annealing 56 may eliminate the
sacrificial oxide layer 55 by using a reactant. The reactant
may include a reductant or a reduction gas. The reactant may
include a hydrogen-containing material such as H,, D,, or a
combination thereof. When the first hydrogen annealing 56 is
performed using the hydrogen-containing material, oxygen
contained in the sacrificial oxide layer 55 is eliminated
through the reduction reaction, and then the sacrificial oxide
layer 55 may be eliminated. Silicon (Si) atoms which are
distributed on the trench surface 53B migrate to have a stable
energy state. Thus, crystallinity of the silicon atoms is
improved, and so the trench surface 53B may be relatively
smooth.

Since defects occurring on the trench surface 53B may be
eliminated when the first oxidation treatment 54 and the first
hydrogen annealing 56 are performed one time or several
times repeatedly as described above, the roughness of a
trench surface 53C is decreased. For example, etch damage is
eliminated as the first oxidation treatment 54 and the first
hydrogen annealing 56 are performed on the trench surface
which is damaged through an etch process for forming the
trench 53 in the substrate 51.

Referring to FIG. 5D, a gate dielectric layer 57A is formed
over the structure including the trench 53. For example, the
gate dielectric layer 57A may be formed along a contour of
the trench 53. The gate dielectric layer 57A may be formed
through a thermal oxidation treatment or a plasma oxidation
treatment. The gate dielectric layer 57A may include silicon
oxide, silicon nitride, silicon oxynitride, a high-k material, or
a combination thereof. The high-k material may have a
dielectric constant (high-k) which is higher than that of sili-
con oxide and silicon nitride. The high-k material may
include SiO,, HfO,, HfSiO, HfSiON, a combination thereof,
etc.

Referring to FIGS. 5E and 5F, a post-treatment is per-
formed. The post-treatment strengthens interface stability
between the trench 53 and the gate dielectric layer 57A by
sequentially performing a second hydrogen annealing 58 and
a second oxidation treatment 59.

As described in FIG. 5E, the second hydrogen annealing 58
is performed on the gate dielectric layer 57A. The second
hydrogen annealing 58 is a process for reducing silicon dan-
gling bonds. In other words, the silicon dangling bonds exist-
ing on the interface between the substrate 51 and the gate
dielectric layer 57A are reduced as the second hydrogen
annealing 58 is performed on the gate dielectric layer 57A
formed in the trench 53. The second hydrogen annealing 58
may be referred to as a pre-annealing. The second hydrogen
annealing 58 may include a Rapid Thermal Process (RTP) or
a plasma treatment. The second hydrogen annealing 58 may
reduce the silicon dangling bonds by using a reactant. The
reactant may include a hydrogen-containing material such as
H,, D,, or a combination thereof. When the second hydrogen
annealing 58 is performed using the hydrogen-containing
material, the silicon dangling bonds existing on the interface
between the substrate 51 and the gate dielectric layer 57A are
passivated with hydrogen. Therefore, the silicon dangling
bonds existing on the interface between the substrate 51 and
the gate dielectric layer 57A are reduced, and interface sta-
bility between the substrate 51 and the gate dielectric layer
57A may be strengthened.
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However, when the second hydrogen annealing 58 is
excessively performed, oxygen may flow out of the gate
dielectric layer 57A. For this reason, an oxygen vacancy
failure may occur inside the gate dielectric layer 57A where
the oxygen flows out. To address this issue, the second oxi-
dation treatment 59 is performed.

Asillustrated in FIG. 5F, the second oxidation treatment 59
is performed over the structure including the gate dielectric
layer 57A. The second oxidation treatment 59 is a process for
eliminating oxygen vacancy in the gate dielectric layer 57A.
In other words, the oxygen vacancy in the gate dielectric layer
57A is filled by oxygen supplied during the second oxidation
treatment 59. The second oxidation treatment 59 may include
a plasma oxidation treatment or a thermal oxidation treat-
ment. The oxidation treatment may be performed using one or
more reaction gases among oxidation gases such as O,, O;,
H,0, and a combination thereof. When the second oxidation
treatment 59 is performed, the oxygen vacancy may be elimi-
nated as the oxidation gases are injected into and fill the
vacancy of the gate dielectric layer 57A.

Referring to FIG. 5G, a gate conductive layer is formed
over the gate dielectric layer to fill the trench 53. The gate
conductive layer may include a metal-containing layer. The
metal-containing layer may include a material of which the
major component is a metal such as titanium, tantalum, tung-
sten, etc. For example, the metal-containing layer may
include tantalum nitride (TaN), titanium nitride (TiN), tung-
sten nitride (WN), tungsten (W) or a combination thereof.

Subsequently, a first planarization process is performed on
the gate conductive layeruntil the mask pattern 52 is exposed.
The first planarization process may be performed using a
chemical mechanical polishing (CMP) process. The gate
dielectric layer 57A formed over the upper portion of the
mask pattern 52 may be removed through the first planariza-
tion process.

Subsequently, a recessing process is performed so that the
gate conductive layer remains inside the trench 53. The
recessing process includes an etch-back process. A gate elec-
trode 60 is formed through the recessing process.

As described above, a buried gate BG is formed in the
trench 53. The buried gate BG includes a gate dielectric layer
57 and the gate electrode 60.

A capping layer 61 is formed over the buried gate BG. The
capping layer 61 includes silicon nitride. The silicon nitride is
formed over the buried gate BG to gap-fill the trench 53.

Subsequently, a second planarization process is performed
until the surface of the substrate is exposed so that the silicon
nitride remains in the trench 53. The planarization process
may be performed using the chemical mechanical polishing
(CMP) process. The mask pattern 52 formed over the sub-
strate 51 may be removed through the second planarization
process.

An ion-implantation process is performed on the substrate
51 which is exposed on both sides of the buried gate BG. A
first impurity region 62 and a second impurity region 63 are
formed in the substrate 51 through the ion-implantation pro-
cess. The first impurity region 62 and the second impurity
region 63 are the regions doped with conductive impurities.
For example, the conductive impurities may include phos-
phorus (P), arsenic (As), antimony (Sb) or boron (B). The first
impurity region 62 and the second impurity region 63 are
doped with the impurities of the same conductivity. The first
impurity region 62 and the second impurity region 63 corre-
spond to a source region and a drain region, respectively.

As described above, as the pre-treatment is performed
before the gate dielectric layer 57 is formed, etch damage of
the trench surface may be cured. Also, as the post-treatment is
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performed after the gate dielectric layer 57 is formed, inter-
face stability between the substrate 51 and the gate dielectric
layer 57 may be strengthened. Therefore, the properties of the
transistor may be improved since defects occurring on the
interface between the substrate 51 and the gate dielectric layer
57 may be eliminated.

FIG. 6 is a cross-sectional view illustrating a planar gate
structure in accordance with an embodiment.

Referring to FIG. 6, a substrate 601 is prepared. The sub-
strate 601 includes a semiconductor substrate. The substrate
601 may include a silicon substrate or a Silicon On Insulator
(SOI) substrate.

A gate dielectric layer 602 is formed over the substrate 601.
The gate dielectric layer 602 may include, for example, sili-
con oxide, silicon nitride, silicon oxynitride, high-k material,
or a combination thereof. The high-k material may have a
dielectric constant (high-k) which is higher than that of sili-
con oxide and silicon nitride. The high-k material may
include, for example, Si0,, HfO,, HfSiO, HfSiON, or a com-
bination thereof.

A gate electrode 603 is formed over the gate dielectric layer
602. The gate electrode 603 may include a metal-containing
layer. The metal-containing layer may include a material of
which the major component is a metal such as titanium,
tantalum, tungsten, etc. For example, the metal-containing
layer may include tantalum nitride (TaN), titanium nitride
(TiN), tungsten nitride (WN), tungsten (W) or a combination
thereof.

A planar gate PG which is a stacked structure where the
date dielectric layer 602 and the gate electrode 603 are
sequentially stacked over the substrate 601 may be formed.

A first impurity region 604 and a second impurity region
605 are formed in the substrate 601. The first impurity region
604 and the second impurity region 605 are disposed along
with both sidewalls of the planar gate PG in the substrate 601.
The first impurity region 604 and the second impurity region
605 are doped with conductive impurities. For example, the
conductive impurities may include phosphorus (P), arsenic
(As), antimony (Sb) or boron (B). The first impurity region
604 and the second impurity region 605 correspond to a
source region and a drain region, respectively.

FIG. 7 is a cross-sectional view illustrating a fin gate struc-
ture in accordance with an embodiment.

Referring to FIG. 7, a fin active region F is formed by
selectively etching a substrate 701, and an isolation layer 702
is formed over both lower sidewalls of the fin active region F.
A gate dielectric layer 703 is formed over the substrate 701
including the fin active region F. A gate electrode 704 is
formed over the gate dielectric layer 703.

As described above, a fin gate FG including the gate dielec-
tric layer 703 and the gate electrode 704 which are formed
over the fin active region F may be formed.

The semiconductor device including the gates described in
FIGS. 6 and 7 may be fabricated in accordance with various
embodiments.

In accordance with an embodiment, defects occurring on
the interface between a substrate and a gate dielectric layer
may be eliminated by performing an oxidation treatment and
ahydrogen annealing. The oxidation treatment and the hydro-
gen annealing may be performed in-situ before, after, or dur-
ing the process of forming the gate dielectric layer.

It is noted that the embodiments provided herein are for
describing, not limiting, the scope of the appended claims.

What is claimed is:

1. A method for fabricating a semiconductor device, com-
prising:

preparing a substrate;



US 9,425,054 B2

9

performing a first oxidation treatment to form a sacrificial
oxide layer on the surface of the substrate;

performing a first hydrogen annealing to eliminate the
sacrificial oxide layer;

forming a gate dielectric layer over the substrate after the
first hydrogen annealing;

performing a post-treatment including a second hydrogen
annealing on the substrate including the gate dielectric
layer; and

forming a gate electrode over the gate dielectric layer,

wherein the performing of the post-treatment further
includes performing a second oxidation treatment on the
gate dielectric layer after the second hydrogen anneal-
ing.

2. The method of claim 1, wherein the performing of the

first oxidation treatment, the performing of the first hydrogen
annealing, the performing of the second hydrogen annealing,
the forming of the gate dielectric layer, and the performing of
the second oxidation treatment are carried out in-situ.

3. The method of claim 1, wherein each of the first hydro-

gen annealing and the second hydrogen annealing is per-
formed in an atmosphere including H,, D,, or a combination
thereof.

4. The method of claim 1, wherein the preparing of the

substrate includes forming a trench by etching the substrate.

5. A method for fabricating a semiconductor device, com-

prising:

preparing a substrate;

performing a pre-treatment including a first hydrogen
annealing on a surface of the substrate;

forming a first gate dielectric layer over the substrate;

10

30

10

performing an intermediate process including a second
hydrogen annealing on the substrate including the first
gate dielectric layer;

forming a second gate dielectric layer over the first gate

dielectric layer;

performing a post-treatment including a third hydrogen

annealing on the substrate including the first and the
second gate dielectric layers; and

forming a gate electrode over the second gate dielectric

layer.

6. The method of claim 5, wherein the performing of the
pre-treatment further includes performing a first oxidation
treatment before the first hydrogen annealing.

7. The method of claim 5, wherein the performing of the
intermediate process further includes performing a second
oxidation treatment after the second hydrogen annealing.

8. The method of claim 5, wherein the performing of the
post-treatment further includes performing a third oxidation
treatment after the third hydrogen annealing.

9. The method of claim 5, wherein the performing of the
pre-treatment, the forming of the first gate dielectric layer, the
performing of the intermediate process, the forming of the
second gate dielectric layer and the performing of the post-
treatment are carried out in-situ.

10. The method of claim 5, wherein the first hydrogen
annealing, the second hydrogen annealing and the third
hydrogen annealing are performed in an atmosphere includ-
ing H,, D,, or a combination thereof.

11. The method of claim 5, wherein the preparing of the
substrate includes forming trenches by etching the substrate.
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